Cathepsin K mRNA detection is restricted to osteoclasts during fetal mouse development.
We recently identified a novel cysteine protease, cathepsin K, by random sequencing of an osteoclast cDNA library, and in situ hybridization studies in adult human tissues demonstrated high and specific expression in osteoclasts. To determine whether the expression of cathepsin K mRNA during mouse embryogenesis was more widespread, cryostat sections of early (day 11-13) and late (day 15-17) mouse fetuses were analyzed by in situ hybridization. Serial cross-sections were collected through each fetus, and co-reacted for tartrate-resistant acid phosphatase (TRAP) and nonspecific esterase (NSE), selective markers for the osteoclast, and precursor cells derived from the macrophage/monocyte lineage, respectively. In the 11-13 day fetuses, cathepsin K mRNA was not expressed in any extraskeletal tissue; at this stage of embryogenesis, no osteoclasts are present. However, in the 15-17 day fetuses, a distinctive, developmental stage-dependent pattern of cathepsin K expression was observed in osteoclasts and preosteoclasts at sites of cartilage and bone modeling. Cathepsin K positive osteoclasts differentiated within a peripheral zone of the osteogenic stacked cell layer of the cartilage rudiments (prior to ossification), migrated and/or resorbed the bone collar, and invaded the cartilage core. Furthermore, following the invasive penetration of vasculature into the degenerating cartilage core, the calcified cartilage was resorbed by cathepsin K positive mononuclear osteoclast precursors (NSE+ve, negligible TRAP); cells positive for both enzymes were identified indicative of osteoclast differentiation. The deposition of bone by osteoblasts onto the cartilage remnants is followed by mononucleated and multinucleated osteoclastic resorption; these osteoclasts demonstrated intense cathepsin K expression. Similar expression patterns were observed at sites of intramembranous ossification. No expression was observed in chondrocytes, osteoblasts, marrow, or in any other nonskeletal tissue at these time points. These data indicated that cathepsin K expression during embryogenesis occurred only following the onset of osteoclast differentiation.